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I Nm - The Standard Model of Particle physics

koo

zionale
ica Nucleare

» The building blocks Leptons () (%) (
of matter are fermions
Quarks  (4) (1) (1)

 The force carriers (bosons)

) ) o S W W
Electroweak interaction : y, W =, Z , . "
m, =0, M, = 80.425 + 0.034 GeV/c? ) '

M = 91.1785 = 0.0021 GeV/c?

w o 6
QuantumChromodinamics (QCD): gluons e
m,=0 5

Simonetta Gentile
Gomel School of Physics 2005



)
M LEP legacy

 ¢"¢” colliders are excellent machines for precision physics
e'"e” are point like particles, no structure —clean events
Complete annihilation, center-of-mass system, kinematics fixed.

77— Tt 1T
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aﬁf I LEP le gacy

di Fisica Nucleare

, Summer 2005
W*™W-1n hadrons

\/< Measurement Fit |IC:I""'E‘f's—tCJm|.-_fJ s
I

m,[GeV]  91.1875+0.0021  91.1874

T, [GeV] 24952+ 0.0023 2.4965

. [Nb] 41,540+ 0.037 41.481

R 20.767 + 0.025 20.739

= Ag 0.01714+ 000095 001642

1 A(P) 0.1465 + 0.0032 0.1480

— R, 0.21629+ 0.00066 021562

Il R 0.1721 4 0.0030 0.1722

— . 0.0992+ 0.0016 0.1037

— o 0.0707 + 0.0035 0.0742

— A, 0.923 + 0.020 0.935

| A, 0.670+ 0.027 0.668

. ‘ {uy A/(SLD) 0.1513 % 0.0021 0.1480

; S5 s||r."a'_",',"-'-:-:,,,| 0.2324 4+ 0.0012 0.2314

m,,, [GeV] 80.425 + 0.034 £0.289

T, [GeV] 2,132+ 0.069 2.002

. m, [GeV] 178.0+ 4.3 178.5

: . o 1 2 3

N /AT ,
N AN
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o L3 ZZ

/7 — qqee at 200 GeV;
* the mass of the qq
system 1s 95.0 GeV,
* the mass of the ee
system 1s 92.8 GeV,

e the 5C fit gives a mass
of 93.8 GeV
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M Status of SM model

» High precision measurements— Test of Standard Model
=1000 data points combined in 17 observables calculated in SM

— a .,(precision 3 10) (critical part Aat ;,,)

- Gg (precision 9 10%) (—My)

- M_(precision 2 10->)from line-shape

— a(M,) precision 2 10-2 hadronic observable

4 .-"J. -1\‘l ﬂ-f .
l t 5: ac Gf"ﬂf;.lp '_.H,,_ :: H :='5'H o Inﬂ

and M O T U W S

Higgs W, W W ZIW  ZIW Z/W

M

top
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e LEP legacy

Direct limit My > 114.4 GeV

Indirect constraints < 208 GeV

LP2005
6
27 : —gﬁ'ds;inmms S .
7 :'._ ----- 0.02749:£0.00012 H With m, Tevatron
o\ e 9 (174.3 £3.9 GeV)
Njad v i h

' EPS 2005

m, Tevatron

(172.7 £2.9 GeV)
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(et e+ e accelerators

* Energy loss due to syncroton radiation

-radiated power, R= radius

2ete ( F\°
E= ener :
= g J R (mcz)
4
-energy loss per Apn i (B
3R \me
4
-ratio of the energy loss between AB(e) _ (%) ~ 108
Protons and electrons AE(p) e
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LI_ALF:?;;:;"&?.’:::E Energy Of machines

10 TeV I I
—— Hadron Colliders The kinematic limit
— e Colliders g .
- o | 1s the center-of-
Pl e mass energy :
@ e \/ o 2
100 Cie' [~ SEAG) T (CRm - 5~ £ Ebeam

TRIST AN
(HEE)

PETRA __ FEP

(IVESY) SLALC)

CESR Cornell)

IS,
. {CERMN) L = S °
10 Gev VEPE IV [Movasibirsk) - 1 4
L P LllC | ) Ie ‘

SPEAR — DORIS —  VEFPII
[BEAC) DE=SY) (Mhowessl birslh

M}UNE. pl'OtO n'p l'OtOIl

(Ttaly

Const ituent Center-of-MMass Energy

1 GeV = PRINGSTAM __ VEFPIL _ ACT) = Stal'tup planned for 2007
B tanbord) [Pl rwcoesd B rade iFrenr =l
] | ] |
LOG0 1970 1980 1940 2000 2010

Year of Flrst Physics
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)
M -Physics at Hadron Colliders

*Protons are complex objects:

Dx, Q%)

; e Hard scattering processes
et (large moment transfer):
b= quark-quark

h { quark-gluon scattering or annihilation

r gluon-gluon

»Hard scattering (high p; processes)
@ Represent only a tiny fraction of total
pol e F Rep y atiny

inelastic pp cross section
%_{ ;{ M ;E: » Total inelastic pp cross section:
G ,p~ 70 mb (huge)
dominated by events with small
momentum transfer

Partonic substructure : Quarks & gluons



)
[N'Y..Variables used in pp collisions

» P, transverse momentum: P
In the plane perpendicular to the beam 4 i Py
I
P,=psin 6
» Pseudo-rapidity: 1-00
0 . | =10

17 =—Intan— L

0=0—-n=0
I 1 E+
0=0—->n=0 rapidity y=— pzmy
2E-p,

0=0—->n=0
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_ = Inelastic low py collisions

between incoming protons— small momentum transfer,
particles 1n the final state have large longitudinal
momentum, but small transverse momentum

% < PT> ~500 MeV

of charged Particles in the final state

dN 7 - approx 7 charged particles per n unit

d » ) in central part of detector
- uniformly distributed in @

> Minimum bias events

Simonetta Gentile
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[ s Hard Scattering Proccss

» The partons, proton constituents carry only a fraction 0 <x < 1

of proton momentum

[ P11 = X1 = Pa
P> = X~ Pg
| pa=pg=7TeV

%, ?/-E:/xzp | <
—( =7

» The effective-centre-of-mass-energy \E

proton s \/gz\/E:X\E

of \E Incoming

(X,=X,) To produce a mass at LHC of:

100 GeV:
5TeV

Simonetta Gentile
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[ KﬂOWledge Of X-Value

* The structure of proton 1s investigated from deep inelastic
scattering.

« Scattering of 30 GeV electrons on 900 protons (HERA)
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INFN
[ Sromen X - values

o ZEUS ______ Parton-gluon density function
“ ¢’=weev* | (pdf):
\ —— ZELS-0 (prel) 94.00
0.8 - uncorrelated uneertainty .
O cordetedmeentaiy | ooy d quarks at large x-value
06 - L"~, /

04

egluons dominate at small x

02

Incertaintaies in the pdf

o  mmmeEEE expecially of gluons at small x
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Calculation of cross sections

X

\ 4/ »

4

1
Dyix 0%

L

.
oy & "
v
et dei{mbb ek Wi

Sum over initial partonic states a,b

~

@w‘l O, = hard scattering cross-section

Fy %@
fi S l
%\:-; | f; (x, Q%) = parton density function

Example: W-production: (leading order diagram)

U
W+ o (pp > W) ~150nb ~ 2106, (pp)

d from K.Jacobs

... + higher order QCD corrections (perturbation theory)




INFN Physics goal

» The physics goal 1s a main discovery: SM
Higgs, Supersymmetry, extradimensions....
Unexpected physics

» To do that we have to prove to be able to
understand the known physics (e.g.
background)

» See lectures of Tim Christiansen and Filip Moortgart for
the topics briefly discussed
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a’: g:;::::zi‘.’:::: Outline

» Introduction to Hadron Collider Physics
» LHC and ATLAS detector

» Test of Standard Model at LHC

e Parton distribution function

* QCD + jet physics

* Electroweak physics (Z/W —bosons)

* Top physics

» Search for Higgs boson

» Supersymmetry

» Conclusions
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- Thereis already a tunnel long:énough to produce multi-

= e J Pl 1= = =

/ energies if equipped with-super-conducting

-



)
Ll_ﬁFig‘!::;’a”:ii‘::::: The Lal‘ge Hadron C()Hlder

* pp machine:

Js =14 TeV ~7times higher than present highest energy
machine (Tevatron/Fermilab: 2 TeV)

—p search for new massive particles up to m ~5 TeV

I o N, N, =10*cm?s! ~102 larger than present
OX Oy machines (LEP2,Tevatron)

—p search for rare processes with smallc (N=Lo)

Simonetta Gentile
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M.  Components of LHC

» Superconducting dipole magnets
= Magnetic filed 8.4 Tesla

= 1300 magnet, each 15 m long

= Operation temperature 1.9K

» Eight superconducting accelerator structures
acceleration gradient of SMV/m

» In production

Simonetta Gentile
Gomel School of Physics 2005




The LHC machine First full LHC cell (~ 120 m long) :

6 dipoles + 4 quadrupoles;
8.4 Tesla successful tests at nominal current (12 kA

T — —r e




Lowering of the first dipole
into the tunnel (March 2005)

The magnet production
proceeds very well and is on
schedule, also the quality of the
magnets is very good




INFN ” 1
L_/F:::i:;::a”:i‘::::: LumanSIty

» The rate of produced events for a given physics process
N — L = L= luminosity
G = Cross section

Dimension  s!'=cm?s!-cm?
1000 times larger than LEP2
e One experimental year has ~ 107 s

Simonetta Gentile
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)
Ll_ﬁF:g:;:;”:;i‘::::s Lal‘ge Hadron Collider

*Official Starting Date April 2007
Initial Luminosity: ~~ 1033 ecm2 1 E —7 TeV

*Design Luminosity: 10°*ecm2 51
after 2-3 years

*10 fb! per year at low lum.

100 fb! per year at high lum.
per experiment

300 fb! ultimate

* fully performant detectors

Simonetta Gentile
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INFN
s Process Events/s | Events/year
S]i Vte,n:,s W ev 15 108
ATISHES Z-> ee 1.5 107
at low
luminosity tt 0.8 107
(L=10¥em=s7) | 105 1012
gg 0.001 10
(m=1 TeV)
H 0.001 104
(m=0.8 TeV)
QCD jets 102 10°
pr > 200 GeV

»LHC is a B-factory, top factory, W/Z factory, Higgs factory,
SUSY factory



i EVENT RATE

- N'= no. events / sec
— L = luminosity = 10** cm2 s-!

o
— E = no. events / bunch xing

At = bunch spacing = 25 ns
— 3564 no of bunches places
— 2835 no of bunches really filled

e N=Lxo

ine — INel cross-section = 70 mb

Cross section (mb)

inel
= 1034 cm2s1x 71026 ¢cm?

— 7108 —— '_jﬁf?f_ﬁ e
o 7 10 HZ ] IIIIII.IJ ] IIIIIII| ] IIIIIII| ] IIIIIII| ] IIIIIII| ] IIIIIII| IIIIILLIJ ] IIIII.I.IJ ] IIIIIII| L1
2 3 4 5 [} 7 8

e E=N/At R T 7 R 7 ST T AT/ KT LT T MR 7Y
=7108s1x2510°s=17.5 w0 H””;L}I | Hllllll}}-‘ e
(not all bunches are filled) e 6
=17.5 x 3564 / 2835
= 22 events / bunch xing

LHC produces 22 overlapping p-p interactions
every 25 ns




INFN - Particle multiplicity
it

n= rapldlty log(tg6/2)(longitudinal

dimension)

— U., = No. charged particles
unit-n = 7 (indicated as h) §

— N, = NO. charged particles ¥
Interaction

— N, = no. charged particle:
bunch xing

— N, = no. particles / bunch
* Ny, =U;, Xh=6Xx7=42 Il much

* N4 =n,%x22=~900 more complex
* Ny¢=Ngx1.5=~1400 thanalLEF
event

The LHC flushes each detector with ~1400 particles every 25 ns

D1111UIITCLLA UJUlliuUIT

Gomel School of Physics 2005 .
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OV e Physics processes

PEE————— el (e | R (9 : (6)

10 o

1ol

T

10 10

LHC
10

High-pr QCD jets 97 ]

gm_>_q

10

10
10°

10"

10

¢ (nb)

10

W, Z :: W, Z

Higgs my=150 GeV 9 F M

10

vents/sec for LI 10” cm” s”

107
10°

10

chET‘E‘ = s/4)

s [ oy0n(M, = 150 GeV)

10

10 M, = 500 GeV)

T P |
0.1

10

3.9 pai gV
q,g pairsm~1TeV q

9'\MM
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P | .

Cross Section and production rate

Fermliah ] €5c | HFM‘A“S‘;‘
Rates for £=10%* cm? s"1(LHC) | —Cm R
e Inelastic proton-proton reaction 10°/s r Tl g - 10
Gy |
e bb pairs 5-109/s LT L
* tt pairs 8 /s I §
S1ubl o v
‘W— e v 150/s 5oL e %
o/— e v 15/s % " owatna oorpp Cié
1nb | hy
*Higgs (500 GeV) 0.2/s = :
*Gluino,squarks (1TeV) 023/s WD: :m?{,s'; = |
- e TV 10

Si tt 0.001 0. 0.1 1.0 10 100
monettad V"S_ TeV
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M. Experimental signatures

»LHC is a factory for top-quarks, b-quarks W, Z,.... Higgs

* No hope to observe the fully-hadronic
final states — rely on /, y

q
;@ o / P * Fully-hadronic final states only with hard
p = q p  O(100 GeV) p, cuts

Signature: Lepton & photons

Quark-quark scattering:

Lepton with high P

/ Missing energy

*Mass resolutions of ~1% (10%)

needed for Z, y (jets)

 Excellent particle 1dentification:
c.g. e/jet ratio pT > 20 GeV is

10-

Simonetta Gentile
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The Challenge ﬂ?

I'UJI
Irn m\
[ \_ Nl 7.

How to extract this... ... from this ...

% | : '.I':' "il ..' !. l' i"i
3 'F”'iﬁ“a:#whfji Hqi iy

+3(0 MinBias
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|
The Challenge _, ﬂ?

034 cm2 S-I(CLHC) Tyl

Fermilab 85
E— ] CERN i LHC i ZA
T I [ [ :
B St o EL1%rte®® 1P
. |
Knowing that there are 10 L TS
° ° ° |
thousands billions of: 1 mb |
— T
[15]
-'E‘- [51]
% Tub Ojet E
?_ E">0.25 Tev 5.
5 — e
B i o4
= o w —=lvy \Eip P) k=]
“1nb |- »
(5]
- 5
— ﬁé'g"l'ﬁg" = 500 GeV) Lﬁ
Oy -1
B m,,, =175 GeV 10
o
1pb = . —00 Gev T
o, | -3
- {10
m_=1TaV :
o Higgs |
—  m =500 GeV : .
| | | |
0.001 0. 0.1 1.0 10 100

Simonett Vs TeV
Gomel School of Physics 2005



X Detector Requirement:Physics

*Good measurement of leptons and photons with high P
*Good measurement of missing transverse energy (E™ss)

Efficient b-tagging and 1 identification.

Resolving individual tracks, in-and-outside the calorimeters
Measuring energy depositions of isolated particles and jets
Measuring the vertex position.

Detector size and granularity is dictated by
... the required (physics) accuracy
... the particle multiplicity.
Size + granularity determine
... the no. of measuring elements
... 1.e. the no. of electronics channels.

1monetta
Gomel School of Physics 2005
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INFN

L—/.

di Fisica

—JRequirements from enviroment

» Detectors must have fast response to avoid to integrate too
much bunch crossings — too large pile-up

= Response time :20-50 ns.
— Integration on 1-2 bunch crossings

— pile-up 25-50 minimum bias events ===p  severe requests
on readout electronics

» High granularity minimize the probability that pile-up
particles be in the same detector elements as interesting
object — large number of electronic channels, high cost

» Radiation resistency : high flux of particles from pp
collisions — high radiation enviroment.

e.g. forward calorimeters: up to 107 n/cm? in 10 years of LHC
operation

Simonetta Gentile
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~ lIstituto Nazionale
di Fisica Nucleare

Trigger

Design of trigger system more complex than e*e- machine

e Interaction rate ~ 10° events/s

« Record capability ~ 102 events/s (1MB)

Trigger rejection ~ 107

Store massive amount of data in pipelines while a special trigger processors can

perform calculations

detector

tri gge{‘
_YES ,

[
[

PIPELINE

T

107 evts/s

lNO

\ trash /

VU1 SC1UUL U1 T 1YdSICS 4UUD

‘ Trigger decision = us — large then interaction rate 25 ns

Save

T

102 evts/s




General purpose detector

e Identification ... * ... and measurement

— for event selection — for event
reconstruction.

 For both, need different stages:

Hermetic calorimetry
« Missing Et measurements

_ Materials with high number of
Inner traCker protons + Active material

_ Calorimeters Electromagnetic Heavy materials

and Hadron ) i = Muon detector
calorimeters y 4Ty + p identification
+ Particle identification

— Muon system &
(trigger and

o [ d .
Heavy materials . .
preCISlon (Iron or Copper + Active material) Light materials
Central Qetector
chambers) i M
oo

Simonetta Gentile
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Particle identification

Muon chambers

v

Hadronic calorimeter

Inner tracker

rekd

1
dnd Fal

ile
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) LA

K l l :KS (A Toroidal Lhc

Muon Detect

Forward Calorimeters

End Cap Toroid

» Shielding

ladronic Calorimeters



 Interactions every 25 ns
- In 25 ns particles

Fogvard Calorim

Pve]ter7.5 m C—

End Cap Toroid

=
Z\

Muon Detectors Electromagnetic Calor

=

ht

12

P

i Inner Detector d ieldi
Bare! Torpid Hadronic Calorimeters Shiietling

) 44 :
- + Cable length ~100 meters ...
weight 7000 Tons |, IO HET meters

— In 25 ns signals travel 5 m

Simonetta Gentile
Gomel School of Physics 2005
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) Length: ~44 m

(5. The ATLAS Detector  |Radivs:-12m

o Weight: ~ 7000 t
E I. Channels: ~10 8

Precision Muon Spectrometer 1 10 9%at 1 Tevic
Fast response for trigger Cables: ~3000 km

Good p resolutiqn (e.g., A/Z’ — pp)

2 Detector characteristics
Electromagnetic Calorimeters - Width: 44m
ot Diameter: 22m

g ﬁ Weight: 7000t

Muon Detectors

CERM AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

Inner Detector

G/ pp~35el04p, @ 0.001
Good impact parameter res.

(e.g., H — bb)

w!dina

“Hdadron Calorimeters

o/ E ~ 10% / VE(GeV)

etta Genti @00d jet and E; miss performance
olof Phys| (o o H _yr) o/ E ~50% /VE(GeV) ® 0.03




/') |
| N Inner Detector : ’

( Thin Superconducting Solenoid

Semiconductor Pixel and Strips a

(B=2T) Straw Tube Tracking Detector (TRT)
LAr Electromagnetic Calorimeter : L x R = "mx1.15m .

L xR=13.3mx2.25m
|n|<3.2 4.9)
6y /E=10%/NE®0.7%

Ory=12-16pm, 6,=66-580pm
| <2.5

Muon Detectors Electromagnetic Calorimeters

Hadronic Calorimeter : A

Endcaps L Al'g ,g._/ \ Sole?oid

Barrel Scintillator-tile GOALS

LxR=12.2mx4.25m

CZT /E|= g())%/\/E@T’/o For n|< 2.5 (precision region):
nis<

Forward Calorimeters

~* Lepton E ,p scale: 0.02% precision

Large Superconducting o
Air-Core Toroids « Jet energy scale: 1% precision

~100, r~10

e h- 1 . ~ 0
Muon Spectrometer b tagging: Ep 60 A” Lyds

L xR=25(46) mx11m
|n| <2.7 P D e Hadronic Calorimeters Lt Y




N/N) ATLAS Installation
U XIalre 2 b t

-24,00 117682 R
- STE7601
STE7605
STE7026
STE7030
STE7034
STE703E

{of) uanD

E—s.uu
3-6.00
5-4.00
2.0

D i}
19 00:00 Z2: DD oo ot: DU 0o 04 DU 00 07 DD oo i DD oo 15 DD 00 16: DU 00 19: DD 00 22 DD 00 01 DD 00 04: DD 0o 07: DD 00 10: DD oo
14/02/05 14/02/05 15/02/05 15{02/05 15/02/05 15/02{05 15,1'02)'05 15/02/05 15/02/05 15/02/05 16/02/05 16/02/05 16/02/05 16/02{05

—_]

éllf‘f“

5 out of 8 cmls 1nstalled End of coil installation by july 05
WMW@




NN ATLAS MDT Chamber
[ prOducti on

1200 ‘ ‘
—A&— Bare MDT !
— Plan Bare MDT !
—— MDT with FC ; _
1000 |- pPlan MDT withFC (| L /,/ 7777777777777777777777
@ Integrated MDT : 2
—Plan Integrated MDT 1
—@—tested MDTs (R.F.I.) ‘
—— Ready for Installation MS
800 - | | ‘
0 1 1 1
Q ! ! |
2 1 1 1
g | | |
B 600 | | |
© | | | o
o | | |
P | | : ‘
3 .
; 4
1 .
w, 0" e |
Jan 04 Jan 05 Jan 06

ime

etta Gentile
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ATLAS LAr EM Barrel Calorimeter and Solenoid Commissioning

The barrel EM calorimeter is installed in the cryostat, and after insertion
of the solenoid, the cold vessel was closed and welded

A successful complete cold test (with LAr) was made during summer

2004 in hall 180

End of October the cryostat was transported to the pit, and lowered into the
cavern

Ty

LAr barrel EM calorimeter after insertion into the Solenoid just before insertion into the

cryostat cryostat
Simonetta Gentile

Gomel School of Physics 2005



INFN o o o
s ATLAS Commissioning
« Commissioning with physics data proceeds in four phases:
— Phase 3 : Cosmics running
=» initial physics alignment / calibration of the detector
=» debugging of sub-systems, mapping dead channels etc.
— Phase 4 : One beam in the machine
=» beam-halo muons and beam-gas events
=» more detailed alignment / calibration etc.
— Phase 5 : First pp collisions : prepare the trigger and the detector
=>tune trigger menus / measure efficiencies

=>begin to measure reconstruction efficiencies, fake rates, energy
scales, resolutions etc.

— Phase 6 : Commissioning of physics channels
=» Improve measurements
=>»begin to understand backgrounds to discovery channels ...

Simonetta Gentile
Gomel School of Physics 2005
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)
INF-N
= ATLAS Status

e  Component construction is (almost) complete for several sub-systems, The
completion of the Inner detector is proceeding with very tight planning.

« emphasis has shifted to integration, installation and commissioning

« Large-scale surface system tests, in particular the combined test beam runs,
have been a very major activity in 2004

* There 1s very good progress of the schedule-critical magnet assembly, and
on the general installation status and activities in the cavern

* The commissioning has started: organization, planning, activities

Atlas 1s on Track for collisions in summer 2007 and physics still in 2007

Simonetta Gentile
Gomel School of Physics 2005



INFN .
[ e Outhne

> Introduction to Hadron Collider Physics
» LHC and ATLAS detector

» Test of Standard Model at LHC

* Parton distribution function

* QCD + jet physics

* Electroweak physics (Z/W — bosons)
* Top physics

» Search for Higgs boson

» Supersymmetry

» Conclusions
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)
MEQCD process at hadron collider

* Hard scattering processes are
dominated by QCD jet production

* Origmating from quark-quark, quark-
gluon and gluon-gluon scattering

« Fragmentation of quarks and gluons in
final state hadrons —

Jets with large transverse momentum P

* Cross section can be calculated in QCD
(perturbation theory)

Comparison with experimental
data

Simonetta Gentile
Gomel School of Physics 2005
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INF-N o .
[ proe Minimum bias

di Fisica Nucleare

O Need to control this background (Ex. : Number of charged tracks, N, )

QO 8
'sl_— PYTHIAB.214 (tuned) / Ql'- =
5’ s 12 et ‘ 2 r Generation | LHC 1 minute
£ {ine z : / (PYTHIA)
\_5 A UAS 53, 200, 546 ond 900 GeY 150
z 5 O CDF 630 and 1800 GeV E
© ) 100 Reconstruction with full
- simulation (2 methods)
3 HE
2y e O —0p—suc 590~ 50010501204 1456 " Te00 " 1600 Soe0
1 O:Z?Inﬁs)—J,Z. . pT (Mev)
oLy : : = Check MC with data during commissionning
1 0 10
\'s (GeV) = Limited to ~500 MeV by track efficiency
Difficult to predict LHC mmmp | 2ke special runs with lower central
minimum bias magnetic field to reach p;~200 MeV

Simonetta Gentile
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INFN

% :::t;::a”:ii‘:::PartiCIG distribution function

ZEUS

1 TTT]

0.6 -

Q° =10 GeV? )

ZEUS-O (prel.) 94-00 g
uncorrelated uncertainty —
correlated uncertainty .

H1 PDF ZINWY
MRST 2001

R 0.0
_ (= D.05)

Simonetta Gentile
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Istituto N4
di Fisica N "
LHC is a proton-proton collider o
R D D D D DO DL L
f A
But fundamental processes are X, , = (M/14 TeV) exp(y)
the scattering of 10 Q=M M=10Tev
[ y=pseudorapidity
100 F E
10| L —_
o 10 E E
Examples: E F
0k =
P> WS °
qq =2 W =2 lv 0|
10°
gg % H L: fixed i
10°¢ target E
= need precise pdf(x,Q?) 1o L v
10 10" 10"

+ QCD corrections (scale)

Simonetta Gentile
Gomel School of Physics 2005



[ e Extracting PDF

» PDF from W/Z production

®* pr and rapidity distributions are very sensitive to pdf

Example: study for 0.1 fb-1,i.e. 2:10¢ W—pnv produced
Sensitive to small differences in sea quark distribution

» PDF of s, cand b quarks

"6'6'0'6'0'0'6'6'6'0'6'0"

"6'6'0'6'0'0'6'6'6’0'6'0"

c.b photon 5 W
TAVAVAVAVAVAVAVAVA TAVAVAVAVAVAVAVAVA

Isolated high p,y Isolated highp e/p  Estimate 5-10%

+ jet with incl. + jet with incl. accuracy on pdf

Simonetta Gentile
Gomel School of Physics 2005
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INEN Vector boson production and
L Drell-Yan Process
— 3000
O
2
—
O
~
=
O 2000
Sal
Quark and antiquark densities %
Inside the proton differ from
each other:
This can be used to measure o Lol vl byl

p.d.f.’s for up and down quarks
separatly

-4 -2 0 2 4 T1

Simonetta Gentile
Gomel School of Physics 2005



O s Constraining PDF

-
QU

LHC parton kinematics

(1 Use W to probe low-x gluon PDF at Q2= M,?

2 (GeV?)

=)

d Example: W2 e™v rapidity spectrum is sensiti

[ x,. = (M/14 TeV) expizy)
E Q=M M =10 TeV

i - -
ql cﬂ o -
T

to gluon shape parameter A (xg(x)=x7) o

= Reduce error by 40% including “ATLAS data” :
~ X
>
i . Zeus PDF LHC 1 day
& Q=M Include et
§ “ATLAS data” \ “ATLAS *
o 01 - 2 3 0.1
T [ (CTEQ6L1) data” in

- 7 glObal PDF
)\4=-0.187 "»\,\.?,\.; ﬁts i .
Inl Inl

Simonetta Gentile
Gomel School of Physics 2005



/7 Parton Distribution Functions (PDF)

Measurements of PDFs from SM processes:

Process: Constraning PDF of:
Di-jets Quarks and Gluons
Jet + photon(s) Quarks and Gluons
Jet+ W Quarks and Gluons
W and Z Quarks

Drell-Yan Quarks




)
INFN .
[ e Other CXP criments

From K. Jacobs

Similar data for the CDF experiment

; Ouark/Gluoon Contributions to Cross Sction
a 1 0 .
% it COF Run Ii Preliminary Leading Order QCD (MRS0°)
= Integrated L = 85 pb" ' nl_ﬂ!_u
bt 1 GG Glunn-Gluon Scalleringg .
= n-1 n-? L (1H SO LETE = i =
'l:l = |T| Detl = s EE Huart—gluq:walicrm; /__.-—-"'"-
I.u JetClu Cone R=0.7 ) P
1] -1n " \"-,:'t' / ”L]
l:l

= Run Il Data ) 7\

— CTEQ 6.1 Unzerainty i =
[ ]+ 5% Energy Scale Uncertainty e T L o o e
1 D PN T M N AN TN TN TN SN YN N T T AN NN SN TN N T YT HN N T Y S M| TrmmaTCtoc Emeri ol Mo o
D 10D 200 300 40D 500 600

Inclusive Jet E ;. (GeV) o :
contributions of the various

sub-processes to the inclusive
jet cross section

Simonetta Gentile
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INFN

[~

tituto Nazionale
Fisica Nucleare

Measure jet E; spectrum, rate varies over 11 orders of magnitude

Jet Physics

* Test QCD at the multi-TeV scale

do/dE.( nb/GeV )

[a—
=

1
LT =]

(S
(=]
1
[y
[—

* 0<[nl<«1
° 1 «|nf<2 ,
A " 2<|n|<3 E;of jet | Events
>1TeV | 4106
>2TeV | 3-10¢
>3 TeV 400

I‘IIII‘IIIﬂ?IItI

0

1000 2000 3000 4000 5000

E; jet (GeV)

Simonetta Gentile
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Istituto Nazionale 2
di Fisica Nucleare

Measurement of o, at LHC limited by
» PDF (3%)

00125 T T T T T T T
» Renormalisation & factorisation scale (7%) - | |
i 0.12 [ ® MRSAP, A =564 MeV
» Parametrisaton (A,B) ~ - s
@0.115 — —— A reconstructed 549 MeV—
do 2 3 5 011 1+ ---- A generated 564 MeV
~Q A(E. )+ a B(E
0 G AGE, ), BCE,
0.1

* A and B are functions evaluated from P.D.F’s

. : 0.095
For a given E; But P.D.F were obtained oo |
for a particular value of o, . [;85 -
* 10% accuracy a(m,) from incl. jets L
« Improvement from 3-jet to 2-jet rate? 0.08 I~ B MTeV, A5 A ALS
0.075 111 IIIIIIIIIIIIIII
Verification of running of o, and 10002000 3000 4096 5000

, E(GeV)
test of QCD at the smallest distance scale

> a,=0.118 at m,
> o, ~ 0.082 at 4 TeV (QCD expectation)
Gomel School of Physics 2005
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*Problems : Calorimeters show different response to electron/photons

Istituto Nazionale
di Fisica

. Experimental problems

A jet 1s NOT a a well defined object (fragmentation, detector
response). Algorithm to define a jet and measurements of
energy (.e.g a cone around local energy maximum in the
calorimeter, cone size adapted such that a large fraction of
jet energy is collected.

AR = /AW’ + A’ =0.7

e Cluster energy # parton
energy

' -
Primary vertex .~ Y
- e

-
e
vl JrAC
e
v

Subtraction of offset energy not originating from hard scattering
(inside the same collisions, use minimum bias data to extract this)
correction for jet energy in/out cone

(corrected with jet data +Monte Carlo simulation)



INEN Cross Section of Various SM

proton - (anti)proton cross sections

Istituto Nazionale | Ty
L_/ di Fisica Nucleare Processes " - SE— R 10’ J[.S*j

10" oy T
L Tev 1 tron LEHC U
The LHC uniquely combines the o o
two most important virtues of " o
HEP experiments: > o'
1. High energy 14 TeV 10 | 10° '
. . o 2 (E>s/20) o
2. and high luminosity 0 | -
= | 1 =
10%3— 10%*/cm?/s A o 0
~ o, &
o 10 o 10 3
64(E;™ > 100 GeV) 2
10" 10" 5
10° 10°
10 S, 10”7
10* Gjet(EIJEt > Vsl4) 10"
»> 200 W-b 107 OnanM = 190 GEY) 10"
-DOS0oNS
> 50 Z-b 10° E, (M, =500 GeV) 10
=~DOSONS 107 b 107
»> 1 tt-pair !

Simonetta Gentile
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Muon

e
e Muon
\ . “"'\-\.\_‘_\_
llnh'.l'ulg.utg_-.*-.-.*m

| aaromnic 1

Signature of Z and W decays sm;

TUpI
NZA

; e Neutrino

L nefesrlying eveni Tra

Hadronic recoil

Q1INuIcLLa Uenuie

Gomel School of Physics 2005
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&Fgw}m)metector performance requirements

*Lepton measurement: pp~ GeV = 5 TeV
(b—o> (X, W/Z’)
*Mass resolution (m~ 100 GeV) :
~1% (H— vy, 470)
~ 10 % (W—>7j,H —>bb)

Calorimeter coverage : [n| <5
(E;miss, forward jet tag)

Particle identification : e, y, T, b

Simonetta Gentile
Gomel School of Physics 2005



INFN Three crucial parameters for
’ precise measurements

*Absolute luminosity : goal < 5%
Main tools: machine, optical theorem, rate of
known processes (W, Z, QED pp — pp £/)
-/ energy scale : goal 1%  most cases
0.2%0 W mass

Main tool: large statistics of Z — 7/ (close to my, , my)

- jet energy scale: goal 1% (mtop, SUSY)

Main tools: Z+1jet (Z — (/) , W —]i from top decay

Simonetta Gentile
Gomel School of Physics 2005



Istituto Nazionale I ; I , I
di Fisica Nucleare

W-Boson Mass [GeV]

TEVATRON (Run I) 80.452.£ 0,059 M., is an important parameter
LEP2 80.412:£0.042 n precison test of SM
- nes:o qum <M, =80.425 = 0.034 GeV.
NuTeV ——i— 80,136+ 0,084 2007 M,, 80...£ 20 MeV
LEP1/SLD M 80368340032 (Tevatron Run II)
LEP1/SLD/m, +J  80.373+0.023
&0 a0.2 80.4 &0.6 .
m, [GeV] Improvement at LHC requires
New published OPAL: M,=80.415:0 . 852 Control systematic better 104

(preliminary error was 67 MeV) level

Analysis in progress at Tevatron Run II:
Mw Br(W—t)

Simonetta Gentile
Gomel School of Physics 2005
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IN FN
=4y Mass measurements motivation

di FscaN clea

»m,, m, are fundamental parameters of Standard Model; there are

well defined relations between m,m,,my,.
Dependancg on top and Higgs mass  via loop corrections
M2 = 4 1 " o electromagnetic constant

v 6 5 sin> 0,) (1- @) Measured %n atomic transitions,

| e+e- machines
radiative corrections  ®G Fermi constant measured in muon

Ar ~ f "-I[hp:‘ IUg My ) deCa
Ar =log M y Ar = 3% .
!

W Wy
( ) = A r radiative corrections

» Gy a, sin O  are known with high precision precise measurements
of W mass an top-quark mass constrains Higgs boson mass

» To match precision of top mass measurement of 2 GeV: AM,,=15 MeV

-2
Amw ~0.7 x 10 AInt Simonetta Gentile
Gomel School of Physics 2005
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